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8 RYRP UDGX RSLVDQR MH RGUHÿLYDQMH GLQDPLþNLK NDUDNWHULVWLND WOD ]D HNYLYDOHQWQX '
OLQHDUQX DQDOL]XGLQDPLþNRJ RGJRYRUD ,VWUDåLYDQMD X RYRM REODVWL SRND]DOD VXGDRYDNYD
DQDOL]D GDMH UH]XOWDWH NRML VX X VNODGX VD PHUHQLP YUHGQRVWLPD SRG XVORYRP GD VX
]DGRYROMHQH RGJRYDUDMXüH SUHWSRVWDYNH L GD VX GLQDPLþNH NDUDNWHULVWLNH SUDYLOQR
GHILQLVDQH 'R GDQDV MH UD]YLMHQR YLãH WHUHQVNLK L ODERUDWRULMVNLK PHWRGD ]D RGUHÿLYDQMH
GLQDPLþNLKNDUDNWHULVWLNDWODNDRLYHOLNLEURMHPSLULMVNLKIRUPXOD

./-8ý1(5(ý,PRGXOVPLFDQMDPDOHGHIRUPDFLMHSULJXãHQMHGLQDPLþNDDQDOL]D


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
7KLV SDSHU SUHVHQWV WKH GHWHUPLQDWLRQ RI G\QDPLF VRLO SURSHUWLHV IRU WKH HTXLYDOHQW '
OLQHDU G\QDPLF UHVSRQVH DQDO\VLV 5HVHDUFKHV LQ WKLV DUHD KDYH VKRZQ WKDW WKLV NLQG RI
DQDO\VLV FDQ JLYH UHVXOWV WKDW DUH FRQVLVWHQW ZLWK WKHPHDVXUHG YDOXHV LI WKH DSSURSULDWH
DVVXPSWLRQV DUHPHW DQG LI WKH G\QDPLFSURSHUWLHV DUH GHILQHG FRUUHFWO\0DQ\ ILHOG DQG
ODERUDWRU\PHWKRGVDVZHOODVWKHODUJHQXPEHURIHPSLULFDOIRUPXODVIRUGHWHUPLQLQJWKH
G\QDPLFVRLOSURSHUWLHVKDYHEHHQGHYHORSHGXSWRGDWH

.(<:25'6VWLIIQHVVPRGXOXVVPDOOVWUDLQGDPSLQJG\QDPLFDQDO\VLV


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
3RQDãDQMH WOD SUL GLQDPLþNLP QDSUH]DQMLPD GHILQLãH VH SRVHEQLP IL]LþNLP YHOLþLQDPD 
GLQDPLþNLP NDUDNWHULVWLNDPD WOD ,VWUDåLYDQMD X RYRM REODVWL SRND]DOD VX GD ' DQDOL]D
8'.
,]YRUQLQDXþQLþODQDN

GLQDPLþNRJRGJRYRUDGDMHUH]XOWDWHNRMLVXXVNODGXVDPHUHQLPYUHGQRVWLPDSRGXVORYRP
GDVX]DGRYROMHQHRGJRYDUDMXüHSUHWSRVWDYNHLGDVXGLQDPLþNHNDUDNWHULVWLNHWODSUDYLOQR
GHILQLVDQH .UDPHU  8 ' DQDOL]L WOR VH PRGHOLUD NDR KRUL]RQWDOQR XVORMHQL
SROXSURVWRUþLMHVHGLQDPLþNHNDUDNWHULVWLNHPHQMDMXXYHUWLNDOQRPSUDYFX3UHWSRVWDYOMDVH
GD MH SUDYDF SURVWLUDQMD WDODVD YHUWLNDODQ 2YH SUHWSRVWDYNH VX ]DGRYROMHQH X QDMYHüHP
EURMXSUDNWLþQLKSUREOHPD

8 SRJOHGX GHIRUPDFLMD WOR MH SUYHQVWYHQR L]ORåHQR GHIRUPDFLMDPD VPLFDQMD VD þLMLP
SRUDVWRPPHKDQLþNRSRQDãDQMHSRVWDMHVORåHQLMH3ULGHIRUPDFLMDPDPDQMLPRGíVPDWUD
VH GD MH SRQDãDQMH WOD HODVWLþQR GRN VH X UDVSRQX GHIRUPDFLMD RG í GR í RVLP
HODVWLþQLKMDYOMDMXLSODVWLþQHGHIRUPDFLMH.RGYHüLKGHIRUPDFLMDWORGROD]LXVWDQMHORPD
8SRGUXþMXPDOLKLVUHGQMLKGHIRUPDFLMD]DPDWHPDWLþNRRSLVLYDQMHNRQVWLWXWLYQLKUHODFLMD
QDMYLãH VH NRULVWH OLQHDUQR HODVWLþQL L YLVNRHODVWLþQLPRGHOL WOD GRN VH X GRPHQX YHOLNLK
GHIRUPDFLMD PRUDMX NRULVWLWL VORåHQL HODVWRSODVWLþQL PRGHOL 6OLND  =D DQDOL]X
GLQDPLþNRJRGJRYRUDSRGORJHXGRPHQXPDOLKGHIRUPDFLMDNRULVWLVHOLQHDUQDDQDOL]DDX
SRGUXþMXVUHGQMLKLYHOLNLKGHIRUPDFLMDQDMþHãüHVHNRULVWLPHWRGDHNYLYDOHQWQH'OLQHDUQH
DQDOL]H2YRPDQDOL]RPYUãLVHDSURNVLPDFLMDQHOLQHDUQRJGLQDPLþNRJRGJRYRUDSULPHQRP
QL]DVXNFHVLYQLK OLQHDUQLKDQDOL]DXNRMLPDVHGLQDPLþNHNDUDNWHULVWLNH WODSULODJRÿDYDMX
RVWYDUHQRPQLYRXGHIRUPDFLMH1DRYDMQDþLQVHSULPHQRPOLQHDUQHDQDOL]HXRE]LUX]LPDMX
QDMYDåQLML HOHPHQWL QHOLQHDUQRJ SRQDãDQMD .RG OLQHDUQH GLQDPLþNH DQDOL]H YDåL SULQFLS
VXSHUSR]LFLMH ãWR RPRJXüDYD GD VH GHMVWYD VWRKDVWLþNRJ NDUDNWHUD DSURNVLPLUDMX VXPRP
SURVWLK KDUPRQLMVNLK IXQNFLMD 6ORåHQLML QHOLQHDUQL GLQDPLþNL PRGHOL NRML ]DKWHYDMX YLãL
VWHSHQ ]QDQMD L LVNXVWYD X QMLKRYRM SULPHQL GHWDOMQLMH RSLVXMX SRQDãDQMH WOD SUH VYHJD
SURPHQX VPLþXüH þYUVWRüH L SRUQLK SULWLVDND DOL X] XYRÿHQMH YHüHJ EURMD GRGDWQLK
SDUDPHWDUD8RYRPUDGXRSLVDQRMHRGUHÿLYDQMHGLQDPLþNLKSDUDPHWDUDWOD]DHNYLYDOHQWQX
OLQHDUQXDQDOL]X


6OLND3RQDãDQMHWODX]DYLVQRVWLRGYHOLþLQHGHIRUPDFLMHVPLFDQMD
)LJXUH%HKDYLRURIWKHVRLODFFRUGLQJWRWKHVL]HRIVKHDUGHIRUPDWLRQ

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
3R]QDWRMHGDWORXYHNRVFLOXMHNDRSULJXãHQLVLVWHP1DMþHãüHNRULãüHQLPRGHOSULJXãHQMDX
GLQDPLFL WOD MH .HOYLQ9RLJKWRY YLVNRHODVWLþQL PRGHO þLML VX SDUDPHWUL DQDORJQL

SDUDPHWULPDSULJXãHQRJGLQDPLþNRJVLVWHPDVDMHGQLPVWHSHQRPVORERGH.UDPHU
=DVOXþDMKDUPRQLMVNLKVPLþXüLKRVFLODFLMDUDGQLGLMDJUDPĲȖ.HOYLQ9RLJKWRYRJPRGHOD
LPDREOLNHOLSVH6OLND7DQJHQVXJODQDJLEDWDQJHQWHQDGLMDJUDPĲȖMHWDQJHQWQLPRGXO
VPLFDQMD*WDQXSRVPDWUDQRMWDþNL1DSRþHWNXFLNOXVD*WDQLPDPDNVLPDOQXYUHGQRVW*L
QD]LYDVHPRGXOVPLFDQMDSULPDOLPGHIRUPDFLMDPDVPDOOVWUDLQVKHDUPRGXOXV


6OLND'LMDJUDPĲȖLHQHUJLMDGHIRUPDFLMHSULFLNOLþQRPQDSUH]DQMX
)LJXUH'LDJUDPĲȖDQGWKHVWUDLQHQHUJ\XQGHUF\FOLFVWUHVV

3URVHþQDYUHGQRVW*WDQWRNRPMHGQRJFLNOXVDDSURNVLPLUDVHVHNDQWQLPPRGXORP*VHF

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

3URPHQD PRGXOD VPLFDQMD * VD SRYHüDQMHP QLYRD GHIRUPDFLMH VPLFDQMD SUL FLNOLþQRP
QDSUH]DQMX SULND]XMH VH SROXORJDULWDPVNLP GLMDJUDPRP 6OLND D NRML VH QD]LYD NULYD
UHGXNFLMHPRGXOD VPLFDQMD PRGXOXV UHGXFWLRQ FXUYH 'D ELVPR X SRWSXQRVWL GHILQLVDOL
SRQDãDQMHWODSULGLQDPLþNRPFLNOLþQRPQDSUH]DQMXSRWUHEQRMHSR]QDYDWLYUHGQRVW*NDR
LNULYXUHGXNFLMHPRGXODXGRPHQXGHIRUPDFLMDNRMLMHRGLQWHUHVD]DUD]PDWUDQLSUREOHP
5HODWLYQR SULJXãHQMH 6'2) VLVWHPD ȟ GHILQLãH VH NDR RGQRV NRHILFLMHQWD SULJXãHQMD F L
NULWLþQRJNRHILFLMHQWDSULJXãHQMDFFU=DVOXþDMKDUPRQLMVNLKRVFLODFLMDVHȟPRåHL]UD]LWLL]
RGQRVD HQHUJLMH L]JXEOMHQH WRNRP MHGQRJ FLNOLþQRJ QDSUH]DQMD ǻ: L HQHUJLMH HODVWLþQH
GHIRUPDFLMH:
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
,]UD]  SULPHQMXMH VH ]D RGUHÿLYDQMH UHODWLYQRJ SULJXãHQMD QD RVQRYX HNVSHULPHQWDOQLK
LVSLWLYDQMD FLNOLþQLP QDSUH]DQMHP ]D VOXþDM NDGD UDGQL GLMDJUDP QLMH HOLSWLþQRJ YHü

VORåHQLMHJ REOLND 0RGXO VPLFDQMD * VH NRULãüHQMHP L]UD]D  WDNRÿH PRåH RGUHGLWL L]
HNVSHULPHQWDOQRJ UDGQRJ GLMDJUDPD RGUHÿLYDQMHP XNXSQH HQHUJLMH HODVWLþQH GHIRUPDFLMH
: L DPSOLWXGH GHIRUPDFLMH VPLFDQMD Ȗ 6OLND  6D SRYHüDQMHP GHIRUPDFLMH VPLFDQMD
UHODWLYQR SULJXãHQMH UDVWH 2YD SURPHQD VH SULND]XMH QD SROXORJDULWDPVNRP GLMDJUDPX
6OLNDENRMLQD]LYDPRNULYDSULJXãHQMDGDPSLQJFXUYH


6OLND.ULYDUHGXNFLMHPRGXODVPLFDQMDDLNULYDSULJXãHQMDE
)LJXUH0RGXOXVUHGXFWLRQFXUYHDDQGGDPSLQJFXUYHE

(NYLYDOHQWQLOLQHDUQLGLQDPLþNLSDUDPHWULWOD*LȟVXQDMYDåQLMHGLQDPLþNHNDUDNWHULVWLNH
WODNDNRXGRPHQXPDOLKWDNRLXGRPHQXVUHGQMLKLOLYHOLNLKGHIRUPDFLMD2YLSDUDPHWUL
PRJX VH SULPHQRP NRPSOHNVQH IRUPXODFLMH REMHGLQLWL X MHGDQ SDUDPHWDU NRML QD]LYDPR
NRPSOHNVQLPRGXOVPLFDQMD*

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
3RUHG QDYHGHQLK SDUDPHWDUD X GLQDPLþNRM DQDOL]L SRWUHEQR MH GHILQLVDWL L ]DSUHPLQVNX
PDVX JXVWLQX WOD ȡ L 3RLVVRQRY NRHILFLMHQW ȣ X] QDSRPHQX GD RYL SDUDPHWUL QHPDMX
SUHVXGDQXWLFDMQDGLQDPLþNLRGJRYRUVLVWHPDNDRLGDYDULUDMXXXVNLPJUDQLFDPD


 2'5(Ĉ,9$1-(',1$0,ý.,+.$5$.7(5,67,.$7/$

'R GDQDV MH UD]YLMHQR YLãH WHUHQVNLK L ODERUDWRULMVNLKPHWRGD ]D RGUHÿLYDQMH GLQDPLþNLK
NDUDNWHULVWLND WOD VD UD]OLþLWLP SUHGQRVWLPD L RJUDQLþHQMLPD2YHPHWRGH SRNULYDMX NDNR
GRPHQPDOLK WDNR L VUHGQMLK L YHOLNLKGHIRUPDFLMD'RNQHNHPHWRGH VOXåH LVNOMXþLYR ]D
RGUHÿLYDQMH GLQDPLþNLK NDUDNWHULVWLND SRMHGLQH SUHGVWDYOMDMX PRGLILNDFLMH PHWRGD ]D
RGUHÿLYDQMH NDUDNWHULVWLND WOD SUL VWDWLþNRP RSWHUHüHQMX 3RUHG WHUHQVNLK L ODERUDWRULMVNLK
PHWRGDUD]YLMHQMHLYHOLNLEURMHPSLULMVNLKIRUPXODNRMLPDVHGLQDPLþNHNDUDNWHULVWLNHWOD
PRJXRGUHGLWLL]RSãWHSR]QDWLKRVQRYQLKSDUDPHWDUDWODSULVWDWLþNRPRSWHUHüHQMX

7HUHQVNH PHWRGH RPRJXüDYDMX RGUHÿLYDQMH GLQDPLþNLK NDUDNWHULVWLND WOD QD OLFX PHVWD
3UHGQRVW RYRJ SULVWXSD OHåL X þLQMHQLFL GD QHPD X]RUNRYDQMD WOD SD VH VWDQMH QDSRQD L
GHIRUPDFLMDQHPHQMD,VSLWLYDQLGRPHQWODMHUHSUH]HQWDWLYDQLUHODWLYQRYHOLNL0HÿXWLPX
WHUHQVNLP LVSLWLYDQMLPD VH GLQDPLþNH NDUDNWHULVWLNH QH PHUH GLUHNWQR YHü NRULãüHQMHP
WHRULMVNH DQDOL]H LOL HPSLULMVNLK NRUHODFLMD /DERUDWRULMVNLP LVSLWLYDQMLPD VH GLQDPLþNH
NDUDNWHULVWLNH WOD WDNRÿHPRJXRGUHGLWLNDNRXGRPHQXPDOLK WDNR LXGRPHQXVUHGQMLK L
YHOLNLK GHIRUPDFLMD 2VQRYQL QHGRVWDWDN MH ãWR VH LVSLWLYDQMH YUãL QD HOHPHQWX WOD

RJUDQLþHQLK GLPHQ]LMD 7DNRÿH SRX]GDQRVW SDUDPHWDUD GRVWD ]DYLVL RG PRJXüQRVWL
ODERUDWRULMVNH RSUHPH GD VLPXOLUD SRþHWQH XVORYH L XVORYH QDSUH]DQMD ]D SUREOHP RG
LQWHUHVD*HQHUDOQR ODERUDWRULMVNL RGUHÿHQ* LPDPDQMX YUHGQRVW X RGQRVX QD YUHGQRVW
GRELMHQX WHUHQVNLP LVSLWLYDQMLPD 1DMSRX]GDQLML QDþLQ RGUHÿLYDQMD * MH SUHNR SR]QDWH
EU]LQHSURVWLUDQMDVPLþXüLKWDODVDNUR]WORYVȡMH]DSUHPLQVNDPDVDWOD

   V* YU       

-HGQXRGQDMþHãüHNRULãüHQLKHPSLULMVNLKIRUPXODNRMDYDåL]DVYHWLSRYHWODSUHGORåLOLVX
+DUGLQL'UQHYLFK

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
x SD DWPRVIHUVNLSULWLVDNXLVWLPMHGLQLFDPDNDRı0¶
x )H IXQNFLMDNRHILFLMHQWDSRUR]QRVWLWODH
x 2&5 VWHSHQSUHNRQVROLGDFLMH
x N HNVSRQHQWVWHSHQDSUHNRQVROLGDFLMHGDWX7DEHOL
x Q QDSRQVNLHNVSRQHQWQDMþHãüHVHXVYDMDQ 
x ı0¶ VUHGQMLHIHNWLYQLQDSRQ ı¶ı¶ı¶

)XQNFLMDNRHILFLMHQWDSRUR]QRVWL)HNRMXMHSUHGORåLR+DUGLQJODVL

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
-DPLRONRZVNLSUHGODåHVOHGHüXIXQNFLMX)H

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

3RUHG SRPHQXWLK XQLYHU]DOQLK IRUPXOD GHILQLVDQ MH L YHOLNL EURM IRUPXOD NRMH YDåH ]D
RGUHÿHQHWLSRYHWOD=DSHVNRYH6HHGL,GULVVSUHGODåXVOHGHüXIRUPXOX

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
JGH MH .PD[ NRHILFLMHQW GDW X 7DEHOL  X IXQNFLML NRHILFLMHQWD SRUR]QRVWL H LOL UHODWLYQH
]ELMHQRVWLWOD'U=DãOMXQNRYHMHYUHGQRVW.PD[YHüDLL]QRVL6HHGLGU

=D VLWQR]UQD WOD VH SUHPD:HLOHUX  * PRåH SUHOLPLQDUQR SURFHQLWL QD RVQRYX
YUHGQRVWL LQGHNVD SODVWLþQRVWL ,3 VWHSHQD SUHNRQVROLGDFLMH 2&5 L QHGUHQLUDQH VPLþXüH
þYUVWRüHVXL]&8RSLWDWULDNVLMDOQHNRPSUHVLMH3UHSRUXþHQHYUHGQRVWLVXGDWHX7DEHOL


7DEHOD(NVSRQHQWVWHSHQDSUHNRQVROLGDFLMH.UDPHU
7DEOH2&5H[SRQHQW.UDPHU
,QGHNVSODVWLþQRVWL,3 N
 
 
 
 
 
 

7DEHOD.RHILFLMHQW.PD[
7DEOH&RHIILFLHQW.PD[
H .PD[ 'U .PD[
   
   
   
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